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(64) Anti-icing of gas turbine 
engine air intakes 

(57) A turboshaft gas turbine engine 
10 has an annular air Intake 1 1 
having a number of radially 
extending stator vanes 20 located 
around a reduction gearbox 17. A 
number of heat pipes 22 extend 
through the vanes 20 to 
interconnect the interior of the 
reduction gearbox 1 7 with a heat 
sink 28 situated adjacent the 
upstream lip 23 of the intake 1 1. 
Heat from the hot oil mist within 
the gearbox is thus conducted to 
the heat sink 28 and serves to heat 
up the intake lip 23 to prevent the 
formation of ice thereon, while at 
the same time the oil mist is 
cooled. 




Fig. 2. 
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The drawings originally filed were Informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Anti-icing of gas turbine engine air Intakes 

5 This invention relates to the anti-icing of gas 
turbine engine air intakes. 

Certain portions of gas turbine engine air 
intakes are prone to the build-up of ice on 
their operative surfaces. This is extremely un- 

10 desirable in view of the detrimental effect 
which it has upon engine power and safety. 
Means are usually provided to prevent such 
icing and these conventionally take the form 
of electrical heating elements embedded in 

1 6 the appropriate portions of the intake surface 
or alternatively small ducts carrying warm air 
which has been bled from a hot section of the 
engine. Both of these solutions, although ef- 
fective in preventing the build-up of ice unfor- 

20 tunatefy have a detrimental effect upon the 
efficiency, and hence performance, of the en- 
gine. 

It is an object of the present invention to 
provide a gas turbine engine having an air 

25 intake provided with anti-icing means which 
are effective in the prevention of ice deforma- 
tion thereon but have a less detrimental effect 
upon engine efficiency than is the case with 
conventional anti-icing systems which rely 

30 upon intake heating. 

According to the present invention, a gas 
turbine engine having an air intake is pro- 
vided with at least one heat pipe which inter- 
connects that portion or portions of said air 

35 intake which is or are, in operation, prone to 
the formation of ice thereon, with a portion of 
the lubrication system of said engine, said 
lubrication system portion having an opera- 
tional temperature which is sufficiently high to 

40 heat up said at least one heat pipe to such an 
extent that the heat which it conducts to said 
air intake portion or portions prevents the 
formation of ice thereon. 
The invention will now be described, by 

45 way of example, with reference to the accom- 
panying drawings in which: 

Figure 1 is a partially sectioned side view of 
a gas turbine engine in accordance with the 
present invention. 

50 Figure 2 is an enlarged view of the sec- 
tioned portion of the gas turbine engine 
shown in Fig. 1. 

With reference to Fig. 1, a turboshaft gas 
turbine engine generally indicated at 10 conv 

55 prises, in gas flow series, an air intake 1 1 , a 
compressor section 12, combustion equip- 
ment 13, a turbine section 14 and an exhaust 
gas outlet 15. The turbine section 14 is made 
up of two portions, one of which drives a 

60 power output flange 16 at the upstream end 
of the engine 1 0 via a reduction gearbox 1 7, 
also positioned at the upstream end of the 
engine 10. 
The gas turbine engine 10 operates in the 

65 conventional manner In that air drawn in 



through the air intake 1 1 is compressed in the 
compressor section 1 2 before being mixed 
with fuel and the mixture combusted in the 
combustion equipment 1 3. The resultant ex- 

70 haust gases expand through the turbine sec- 
tion 14 and are exhausted to atmosphere 
through the exhaust gas outlet 1 5. 

The air intake 11 is of generally flared 
configuration in order to accommodate the 

75 reduction gearbox 1 7. It has coaxial radially 
inner and outer circumferential walls 18 and 
1 9 respectively which serve to define its an- 
nular form. The waits 1 8 and 19 are intercon- 
nected by a plurality of radially extending 

80 stator vanes 20, one of which can be seen in 
the drawing. 

Each of the vanes 20 has a radially extend- 
ing passage 21 therein which, as can be seen 
In Fig. 2, contains a heat pipe 22 which is of 

85 conventional construction. Each heat pipe 22 
is of generally L-sheped configuration with 
one arm of the L located within the passage 

21 and passing through an enclosure plate 26 
provided on the radially outer extent off the 

90 passage 21 . The other arm extends In a 

generally upstream direction to terminate adja- 
cent the upstream lip 23 of the radially outer 
wall 1 9 of the intake 1 1 . The portion of the 
heat pipe 22 which is located within the 
95 passage 21 projects beyond the radially inner 
extent of the vane 20 to terminate in an 
enclosed space 24. The enclosed space 24 is 
part of the reduction gearbox 1 7 which, dur- 
ing the operation of the engine 1 0, contains a 

100 mist of the oil which is directed to the gear- 
box 1 7 for lubrication purposes. 

The oil mist within the chamber 24 is hot 
and thereby serves to heat up that portion of 
the heat pipe 22 which projects into the space 

105 24. Heat transfer fins 25 on the heat pipe 22 
serve to assist in an effective heat exchange 
between the oil mist and the heat pipe 22. 

The heat transfer medium which is con- 
tained within the heat pipe 22 is selected 

110 such that it vapou rises at the normal operat- 
ing temperature of the oil mist within the 
space 24. The vapourlsed heat transfer me- 
dium travels along the heat pipe 22 until it 
reaches the cooler regions thereof whereupon 

1 1 6 it condenses and its latent heat of vapourisa- 
tion heats up those cooler regions. The con- 
densed heat transfer medium is then capillary 
pumped back to the higher temperature por- 
tions of the heat pipe 22 by a suitable capil- 

120 lary pumping medium on the Internal surface 
of the heat pipe 22, whereupon the cycle is 
repeated. Thus the heat pipe 22 serves to 
conduct heat from the oil mist within the 
space 24 along the whole of its length. 

1 25 The end 27 of the portion of the heat pipe 

22 which terminates adjacent the upstream lip 

23 of the radially outer intake wall 19 abuts a 
heat sink 28. The heat sink 28 which may 
also be a heat pipe is in the form of a ring 

1 30 and it is abutted by all of the heat pipes 22 
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within the stator vanes 20, Thus the heat 
pipes 22 serve to transfer heat from the oil 
mist within the space 24 to the heat sink 28 
which in turn heats up the upstream lip 23 of 

5 the radially outer intake wafJ 19. It will be 
appreciated that the heat sink 28 need not be 
in the form of a continuous ring but could be 
in the form of a series of segments, each of 
which is in communication with a heat pipe 

10 22. 

The heating of the upstream lip 23 by the 
heat pipes 22 serves to prevent the build up 
of ice on the lip 23 surface. It also serves to 
cool the oil mist within the space 24. This 

1 5 brings the additional benefit that the oil cooler 
which would normally be necessary to provide 
cooling of the oil within the engine 1 0 may 
either be dispensed with or made smeller than 
would normally be the case with a convert* 

20 tional engine. Consequently the cost, weight 
and power loss drawbacks which are associ- 
ated wrth conventional gas turbine engine oil 
coolers are either reduced or, in certain cir- 
cumstances, dispensed with altogether. 

25 It may be found that in certain circum- 
stances, the heating of the upstream lip 23 by 
the heat pipes 22 is unnecessary because the 
temperature of the air which is drawn in 
through the air intake 1 1 is high enough to 

30 prevent ice formation on the air intake 11 . In 
these circumstances, the continued heating of 
the intake lip 23 may be detrimental to the 
efficiency of the engine 1 0 In view of the 
heating effect which it has upon air drawn in 

36 through the air intake 1 1 . In order to provide 
for such a situation, a valve 29 is located In 
each heat pipe 22 which is adapted when 
actuated to restrict or prevent the free passage 
of vapour within its associated heat pipe 22. 

40 The valve 29 is connected by a line 30, 
which is shown diagrammaticatly in Fig. 2, 
with a temperature sensor 31 located on the 
upstream lip 23 of the radially outer intake 
wall via a control unit 32. The arrangement is 

45 such that if the temperature of the upstream 
lip 23 rises above a predetermined level, the 
control unit 32 causes the valve 29 to be 
actuated so as to restrict or prevent the free 
passage of vapour within the heat pipe 22. 

50 This has the effect of reducing the thermal 
conductivity of the heat pipe 22, thereby 
allowing the heat sink 28, and hence the 
upstream lip 23, to cool down. When the 
temperature of the upstream lip 23 falls to a 

55 level at which there is a danger of ice forma- 
tion thereon, the control unit 32 causes the 
valve 29 to be actuated so as to permit the 
free passage of vapour within the heat pipe 
22, thereby causing it to heat up the heat 

60 sink 28, and hence the upstream lip 23. 
Although the present invention has been 
described with reference to a heat pipe which 
interconnects a portion of the reduction gear- 
box 1 7 of a turboshaft gas turbine engine 1 0 

65 with with the upstream lip 23 of its air intake 



1 1 , alternative configurations are contem- 
plated within the scope of the present Inven- 
tion. Thus, for instance, the heat pipe 22 
could be configured so as to terminate in a 

70 different region of the lubrication system of 
the engine 10 if the engine 10 is not of the 
turboshaft type. Moreover, although in the 
described embodiment, the heat pipe 22 ter- 
minates adjacent the upstream lip 23 of the 

75 air intake 1 1 , it could be configured so as to 
terminate adjacent other regions of the air . 
intake 1 1 if those regions are prone to the 
formation of ice thereon. 

80 CLAIMS 

1 • A gas turbine engine having an air 
intake provided with at least one heat pipe 
which interconnects that portion or portions of 
said air intake which is or are, in operation, 

85 prone to the formation of ice thereon, with a 
portion of the lubrication system of said en- 
gine, said lubrication system portion having 
an operational temperature which is suffici- 
ently high to heat up said at least one heat 

90 pipe to such an extent that the heat which it 
conducts to said air intake portion or portions 
prevents the formation of ice thereon. 

2. A gas turbine engine as claimed .in 
claim 1 wherein said gas turbine engine is a 

95 turboshaft gas turbine engine having a reduc- 
tion gearbox which is situated adjacent said 
air intake, said portion of the lubrication sys- 
tem of said engine being constituted by a 
portion of said gearbox which contains lubri- 
100 cant from the lubrication system of said en- 
gine. 

3. A gas turbine engine as claimed in 
claim 2 wherein said air intake comprises 
coaxial radially inner and outer circumferential 

105 walls which define an annular air passage, 
said radially inner and outer circumferential 
walls being interconnected by a plurality of 
radially extending stator vanes, at least one of 
said vanes containing a portion of one of said 

110 heat pipes. 

4. A gas turbine engine as claimed in any 
one preceding claim wherein said portion or 
portions which is or are, in operation, prone 
to the formation of ice thereon is or are 

1 1 5 situated adjacent at least one heat sink, said 
at least one heat pipe interconnecting said 
heat sink with said portion of said lubrication 
system. 

5. A gas turbine engine es claimed in 

1 20 claim 4 wherein said at least one heat sink is 
in the form of a ring which is situated adja- 
cent a portion of the radially outer wall of said 
air intake. 

6. A gas turbine engine as claimed in any 
1 25 one preceding claim wherein said heat pipe is 

provided with means adapted to regulate the 
thermal conductivity thereof. 

7. A gas turbine engine bb claimed in 
claim 6 wherein said thermal conductivity 

1 30 regulating means comprises a valve member 
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which varies the rate at which vapour may 
travel through said heat pipe. 

8. A gas turbine engine as claimed in 
claim 7 wherein said valve member is inter- 

5 connected with temperature measuring means 
positioned adjacent said intake portion or por- 
tions which are prone to the formation of ice 
thereon via control means so adapted that 
said heat pipe only heats up said heat sink 
10 when the temperature of said heat sink falls to 
such a level that there is a danger of ice 
formation on the portion of said air intake 
which is adjacent thereto. 

9. A gas turbine engine substantially as 

1 5 hereinbefore described with reference to and 
ss shown in the accompanying drawings. 
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